Introduction
Organofluorine chemistry has undergone a renaissance largely fuelled by the interesting chemical and biological properties that fluorine substitution imparts on an organic molecule. [1] [2] [3] For example, fluorinated analogues serve as useful probes for the investigation of biochemical mechanisms using 19 F-NMR, 4, 5 while the use of fluorous reverse phase silica gel allows fluoroustagged compounds to be separated from organic compounds. 6 On the other hand, there is a growing need to convert chlorofluorocarbons into environmentally benign compounds. Thus, there is considerable interest in forming/transforming organofluorines via metal mediated C-F bond formation/activation. 7, 8 Gasphase studies employing mass spectrometry-based approaches have provided detailed insights into these types of reactions. 9 Examples include: photoactivation of Mg þ adducts of a range of organofluorines such as CF 3 CH 2 OH 10 and fluorinated benzenes; [11] [12] [13] ion-molecule reactions (IMRs) of Nb þ with hexafluoro-and tetrafluoro-benzene 14 and decomposition reactions of coinage metal-coordinated trifluoroacetates. 15 A number of gas-phase studies of metal ioncatalysed transformations of inorganic and organic substrates have been uncovered, 16 and multistage mass spectrometry experiments using ion trap mass spectrometers allow the elementary steps of catalytic cycles to be probed individually. 17 We 
Mass spectrometry
Mass spectrometry experiments were conducted using a modified Finigan LCQ quadrupole ion trap mass spectrometer equipped with a Finnigan electrospray ionisation (ESI) source, as described previously. 18 (Bu 4 N) 2 [Mo 2 O 7 ] was dissolved in acetonitrile (0.1 mg/mL). The solution was pumped into the electrospray source at approximately 3 mL/min. Typical electrospray source conditions involved needle potentials of 3.5-4.0 kV and heated capillary temperatures of 150-250 C. Extensive tuning of electrospray conditions was often required due to the low signal-to-noise ratio and/or low abundance of some species. Mass selection, collision induced dissociation (CID) and IMRs were carried out using standard isolation and excitation procedures using the 'advanced scan' function of the LCQ software, which allows the Q value and the reaction time to be varied.
The instrument has been modified to permit introduction of neutral reagents into the ion trap via the helium bath gas, allowing the measurement of IMRs. These modifications and experimental procedures have been described in detail previously. 18 Gronert's pioneering studies suggest that ions undergoing IMRs in the LCQ are essentially at room temperature. 24 Dimolybdate species display a distinctive isotope pattern due to the seven naturally occurring isotopes of molybdenum ( 92 Mo, 14.84 Figure 1 (b) and as described further below. 
Mo
The product ion from reaction of [Mo (Figure 1(c) À , and also reacts with trifluoroethanol ( Figure 1(d) À is observed at m/z 407. Overall, the catalytic cycle processes two equivalents of trifluoroethanol to yield one equivalent each of the aldehyde and alkene (equation (6) À (equation (7)). 19 This product ion is a key intermediate in the catalytic cycle shown in Scheme 2. ). * designates the mass selected precursor ion. The numbers above the arrows refer to the key steps associated with the catalytic cycle shown in Scheme 1. The peak labelled by # is due to chemical noise.
Collisional activation of the mixed anhydride
À resulted in a mass loss of 94, consistent with elimination of the 'C 2 F 2 O 2 ' (Figure 2(a) ). Since our experiments do not detect neutral product(s), we cannot tell whether difluoro a-lactone or either of the combined products (CO and F 2 CO) or (CO 2 and CF 2 ) are formed. The product ion of this reaction is [Mo
À , m/z 307 (equation (8)), which also reacts with trifluoroacetic acid (Figure 2(b) , m/z 387 (equation (9)). The ion at m/z 515 present in both Figure 2(a) and (b) 
Scheme 3. Plausible: changes in fragmentation mechanism on moving from coordinated acetate (a), to coordinated trifluoroacetate (b); mechanisms for the fragmentation reactions of step 1 of Scheme 1 (c) and step 3 of Scheme 1 (d). À . On a final note, the substitution of hydrogens for fluorines influences the nature of the types of reactions observed in the catalytic cycles. For example, while both carboxylic acids undergo condensation reactions to produce the mixed anhydrides, the b-proton transfer reactions for the acetate ligand is 'switched off' and instead fluoride transfer onto a M VI centre is observed (compare (a) and (b) of Scheme 3). Thus, instead of dehydration occurring to yield ketene (equation (11)), dehydrofluorination occurs (equation (10)). Finally, the formal oxidation of the metal centre also influences the type of fragmentation reactions of the coordinated trifluoroethoxide ligand: the M VI complex fragments via expulsion of the aldehyde (Scheme 3(c)), while the reduced metal complex fragments via loss of difluoro ethene (Scheme 3(d)).
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